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INTRODUCTION

Material properties of the containment media (tuff) and related con-

struction materials associated with individual nuclear events at the

Nevada Test Site is a vital part of the Defense Nuclear Agency (DNA) nu-

clear test program. Material properties are primarily needed for purposes

! of evaluating the potential for successful stemming and containment of the
nuclear tests. They are also extensively used in material models designed
to predict ground motion and wave propagation.

This report summarizes the materials testing program conducted by
Terra Tek from August 1976 through September 1977 for DNA Test Command.
The main function of the test program was material characterization for

the Diablo Hawk and Hybla Gold events. Tuff, grout, concrete, and saturated

sand were tested. Other material evaluations included measurement of me-
chanical and thermal flow properties of “reconstituted" tuff. During the
contract period, reports were published upon completion of testing and

distributed to designated agencies. This final report includes those re-
ports plus some additional test data not yet distributed. A synopsis (in

some cases, the abstract from the report) of the testing and analysis is

provided as follows:

Diab’o Hawk Event

The Diablo Hawk event is in the configuration of the new "two-for-

one concept" where two separate nuclear tests are planned in the same main

tunnel. Substantial cost savings will be incurred resulting from common

use of support facilities. Material evaluation focused on structures area




tuff and grout notina the effects of the nearby Mighty Epic event. Addi-
tionally, media associated with the TRW and Boeing experiments were eval-
i uated. The Boeing experiment also required extensive testing of saturated
; sand, the medium to be used in filling a portion of the Boeing drift.
Reports and letters describing the above work are:
e Containment Analysis
Material Properties for Diablo Hawk Event (TR 77-43)
Material Properties of Ul2n.10A DNUG#5 Core Samples
Physical and Mechanical Properties of Diablo Hawk, Tuff Matching
Grout -- ME8-11
e Structures Properties
Some Material Properties of Diablo Hawk Tuff Associated with the
TRW Experiment (TR 77-95)
e Boeing Experiment
High Pressure Mechanical Properties of Lapis Lustre Sand (TR 77-70)

Diablo Hawk Structures Tuff Material Properties -- Boeing Drift (TR 77-90)

Hybla Gold Event

The location of the forthcoming Hybla Gold event at the Nevada Test
Site is unique in that it is located close to a previously executed nuclear

test. Typical site characterization usually assumes that material properties

are reasonably consistent and predictable within a given geological layer.
This could not be assumed for the Hybla Gold event. The material (tuff)
surrounding the Hybla Gold event had been subjected to shock waves from the

previous Dining Car event. The magnitude of the shock waves is obviously
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a function of distance from the Dining Car working point. Recent work
completed by Terra Tek for the "two-for one" concept (multi use of common
facilities) suggested, although no conclusions could be made because of

a paucity of data, that material properties changes could result from
shock loading or from cavity growth. In either case, it was necessary

to characterize the Hybla Gold media as a function of location.

The media characterization included mechanical and physical properties.
Comparisons are also drawn on the effects of the Dining Car event on the
Hybla Gold media. Additionally, water and air permeability tests were
conducted on pipe concrete, emplaced near the test site.

Reports and letters describing the work are:

e Some Material Properties for the Hybla Gold Event (TR 77-46)

o Material Properties of Ul2e.20 Tuff Overcores

¢ Water and Air Permeability of Concrete from Hybla Gold Pipe

Exploratory Drill Hole Ul12n.11 UG#1

Site exploration is an essential part of the nuclear test program
at the Nevada Test Site. The constant need for new test sites dictates
continual exploration. Exploratory drill holes are an economical means
of determining site usability for a nuclear test prior to extending
tunnels into an area.

Site potential can be determined by examining the material properties
of exploratory drill hole cores and comparing results with data from pre-
viously tested sites. This report examines both the physical and mechanical
properties in an effort to evaluate a particular area's potential as a

future test site.




Mighty Epic Grout (Postshot)

Samples of Mighty Epic grout from Ul12n.10 A, B and C drifts were
tested (postshot) for physica! and mechanical properties. The properties
were used to compare with those of preshot grout.

Mechanical tests were performed to determine the longitudinal and
shear wave velocities and uniaxial strain response. The physical pro-
perties measured were the as-received density, grain density, and percent
water by wet weight. Calculated properties were dry density, porosity,

saturation and air void content.

Residual Stress in Thick-Walled Cylinders of Ash-Fall Tuffs and Tuff Match-

ing Grouts Subjected to Internal Pressurization

Field measurements and calculations indicate that the rock material
surrounding a postshot cavity is noticeably strengthened by the event. It
is thought that this strengthening results from the presence of residual
stresses. To investigate this possibility, internal pressurization tests
on thick-walled tuff and tuff-matching grout cylinders were conducted to
determine whether residual stresses can exist. The report presents the

experimental techniques and test results.

Properties of Reconstituted Tuff

In Tight of the fact that nuclear tests are being located closer to-
gether, it is becoming increasingly important to characterize the highly
fractured material ("chimney" material) near previous test sites. Material
property tests were therefore conducted on tuff material that was crushed
and/or pulverized and recompacted to densities commonly seen in such ma-
terials in the field. Tests included the measurement of physical, mechanical

and thermal flow properties of tuffs of varying particle sizes.




Reports describing the data are:
e Thermal Flow Properties of Crushed Tuff (TR 77-48)

e Physical and Mechanical Properties of Reconstituted Tuff (TR 77-94)

Stanford Research Institute Grout

Stanford Research Institute conducts experiments in support of the
DNA test program. Commonly, these experiments involve the use of tuff-
matching grout. Mechanical and physical properties of these grouts are
determined by Terra Tek to verify the grout properties and to provide data
required for predictive calculations. Tests conducted during this con-
tract year are described in:

e Material Properties of Stanford Research Institute Grout (TR 76-41)

e Material Properties of SRI Rock Matching Grout and Modifisd Granite

Simulant
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DIABLO HAWK EVENT

Containment Analysis

Material Properties for Diablo Hawk Event
Material Properties of U12n.10A DNUG#5 Core Samples

Physical and Mechanical Properties of Diablo Hawk Tuff Matching Grout
-- ME8-11

Structures Properties

Some Material Properties of Diablo Hawk Tuff Associated with the TRW
Experiment

Boeing Experiment

Diablo Hawk Structures Tuff Material Properties -- Boeing Drift

High Pressure Mechanical Properties of Lapis Lustre Sand




MATERIAL PROPERTIES FOR DIABLO HAWK EVENT

TR 77-43
June 1977




TABLE OF CONTENTS

i RabilerafiGantente s o oo G e e e e e e e e e
Efselafiiiusteations . ol i T et T e e
Eistiof Fablles oo o o b i e e T e et sl e e el et
EEEadUEENONC o S  ri g Sy LR A e T s S T Sl s e

Section 1

U12n.10A Horizontal Drill Hole Summary . . . . . . . .

Section 2

UE12n#10 Vertical Drill Hole Summary . . . . . . . . .

Section 3 - Ul2n.10A Quercore SUMBEY . « « « & & s » s o » = 5 » »

Section 4

U12n.10A "N Tunnel" Bypass Drift Superlean Grout
S el e o e

REFENBIEES. . o vhils E e sl hot o ettt o o ettt A SR Dol o o e o it

Appendix A - Uniaxial Strain Curves for Ul12n.10A Drill Holes

Appendix B - Uniaxial Strain Curves for UE12n#10 Vertical Drill
o M e e e el e am

14




Figure
1-1

1-2

1-3a

1-3b

2-1

2-2

3-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8

4-1

LIST OF ILLUSTRATIONS

Description

Location of drill holes in Diablo Hawk area . . .

Measured permanent compaction of selected drill holes .

Cycled uniaxial strain test on U12n.10A LLCI#1 core
samples--mean normal stress versus volume change .

Cycled uniaxial strain test on Ul12n.10A LLCI#1 core

samples--stress difference versus confining pressure .

Plan view of Diablo Hawk area showing the UE12n#10

drill hole from which core samples have been tested.

Comparison of UE12n#10 measured permanent compaction
values--measured permanent compaction versus drill
hole footage . . . . . e e e e B2

Triaxial compression stress-strain curves for I[SS#31-2

overcore samples . . . . . . . o« . . . . . e e

Triaxial compression stress-strain curves for 1SS#32-1
OVEercore SAMPLES .« « v w v w & o = e w o w :

Triaxial compression stress-strain curves for ISS#33-2

oVercore Samplies « o e e 0 6 es e e s AL

Triaxial compression stress-strain curves for I1SS#34-3
overcore samples . « « « & « o v . e

Triaxial compression stress-strain curves for GSIS#6

overcore samples = oo il ah e s m B e e e

Triaxial compression stress-strain curves for GSIS#6
overcore samples . « « v & ¢ < s = v e oxow v

Failure envelopes for I[SS#31-34 overcores--stress

difference versus confining pressure . . . . . . . .

Failure envelopes for GSIS#6 overcores--stress
difference versus confining pressure . . . . . . .

Triaxial compression stress-strain curves for Ul2n.10A

"N Tunnel" bypass superlean grout . . . . . . . ..

15

Page
. 22

p 24

. 26

SAS2%

< w28

31

!

32

3¢

33

33

34

35




Figure Description Page
4-2a Uniaxial strain tests on Ul12n.10A "N Tunnel" bypass
K drift superlean grout--mean normal stress versus
g volume ChanNge « « « » v 5 s 5 s oia ® w am e oal s 39
i 4-2b Uniaxial strain tests on U12n.10A "N Tunnel" bypass
drift superlean grout--stress difference versus
confining pPressure < « s . = o w5 e e w wE e e 39
A-la Uniaxial strain tests on Ul2n.10A GSCH#1 core samples--
mean normal stress versus volume change . . . . . . . 42
A-1b Uniaxial strain tests on Ul2n.10A GSCH#1 core samples--
stress difference versus confining pressure . . . . . 42
A-2a Uniarial strain tests on Ul2n.10A GSCH#1 core samples--
mean normal stress versus volume change . . . . . . . 43
A-2b Uniaxial strain tests on Ul2n.10A GSCH#1 core samples--
stress difference versus confining pressure . . . . . 43
A-3a Uniaxial strain tests on U12n.10A GSCH#1 core samples--
mean normal stress versus volume change . . . . . . . 44
1 A-3b Uniaxial strain tests on Ul2n.10A GSCH#1 core samples--
stress difference versus confining pressure . . . . . a4
A-4a Uniaxial strain tests on Ul2n.10A GSCH#1 core samples--
mean normal stress versus volume change . . . . . . . 45
A-4b Uniaxial strain tests on U12n.10A GSCH#1 core samples--
stress difference versus confining pressure . . . . . 45
A-5a Uniaxial strain tests on Ul12n.10A GSCH#2 core samples--
i mean normal stress versus volume change . . . . . . . 46
A-5b Uniaxial strain tests on Ul2n.10A GSCH#2 core samples--
stress difference versus confining pressure . . . . . 46
A-6a Uniaxial strain tests on U12n.10A GSCH#2 core samples--
mean normal stress versus volume change . . . . . . . 47
A-6b Uniaxial strain tests on U12n.10A GSCH#2 core samples--
stress difference versus confining pressure . . . . . 47
A-7a Uniaxial strain tests on Ul2n.10A GSCH#3 core samples--
mean normal stress versus volume change . . . . . . . 48
A-7b Uniaxial strain tests on U12n.10A GSCH#3 core samples--
stress difference versus confining pressure . . . . . 48
A
5
16

e .

b




Figure
A-8a

A-8b

A-9a

A-9b

A-10a

A-10b

A-1la

A-11b

A-12a

A-12b

A-13a

A-13b

A-14a

A-14b

A-15a

A-15b

Description

Uniaxial strain tests on U12n.10A GSCH#3 core samples--
mean normal stress versus volume change . . . . . . .

Uniaxial strain tests on U12n.10A GSCH#3 core samples--
stress difference versus confining pressure . . . . .

Uniaxial strain tests on U12n.10A GSCH#3 core samples--
mean normal stress versus volume change . . . . . . .

Uniaxial strain tests on U12n.10A GSCH#3 core samples--
stress difference versus confining pressure . . . . .

Uniaxial strain tests on U12n.10A GSCH#4 core samples--
mean normal stress versus volume change . . . . . . .

Uniaxial strain tests on Ul12n.10A GSCH#4 core samples--
stress difference versus confining pressure . . . . .

Uniaxial strain tests on U12n.10A GSCH#4 core samples--
mean normal stress versus volume change . e

Uniaxial strain tests on Ul12n.10A GSCH#4 core samples--
stress difference versus confining pressure . . . . .

Uniaxial strain tests on U12n.10A GSHF#3 core samples--
mean normal stress versus volume change . . . . . . .

Uniaxial strain tests on U12n.10A GSHF#3 core samples--
stress difference versus confining pressure . . . . .

Uniaxial strain tests on U12n.10A GSHF#4 core samples--
mean normal stress versus volume change . . . . . . .

Uniaxial strain tests on U12n.10A GSHF#4 core samples--
stress difference versus confining pressure .

Uniaxial strain tests on Ul2n.10A GSHF#4 core samples--
mean normal stress versus volume change . . . . . . .

Uniaxial strain tests on U12n.10A GSHF#4 core samples--
stress difference versus confining pressure . . . . .

Uniaxial strain tests on U12n.10A GSHF#6,8,9 core
samples--mean normal stress versus volume change

Uniaxial strain tests on Ul12n.10A GSHF#6,8,9 core

samples--stress difference versus confining
PYESSUPE v v wla dr e v v 2 v % & o % & % w &5 %

17

Page

52

5é

53

53

54

54

55

55

56




e
PP

Figure
A-16a

A-16b

A-17a

A-17b

A-18a

A-18b

A-19a

A-19b

A-20a

A-20b

A-21a

A-21b

A-22a

A-22b

Description Page
Uniaxial strain tests on U12n.10A LLCI#1 core samples--
mean normal stress versus volume change . . . . . . . 57

Uniaxial strain tests on Ul12n.10A LLCI#1 core samples--
stress difference versus confining pressure . . . . . 51

Uniaxial strain tests on Ul2n.10A DNRE#1 core samples--
mean normal stress versus volume change . . . . . . . 58

Uniaxial strain tests on Ul12n.10A DNRE#1 core samples--
stress difference versus confining pressure . . . . . 58

Uniaxial strain tests on U12n.10A DNHF#3 core samples--
mean normal stress versus volume change . . . . . . . 59

Uniaxial strain tests on U12n.10A DNHF#3 core samples--
stress difference versus confining pressure . . . . . 59

Uniaxial strain tests on U12n.10A DNHF#3 core samples--
mean normal stress versus volume change . . . . . . . 60

Uniaxial strain tests on Ul12n.10A DNHF#3 core samples--
stress difference versus confining pressure . . . . . 60

Uniaxial strain tests on U12n.10A DNHF#3 core samples--
mean normal stress versus volume cthange . . . . . . . 61

Uniaxial strain tests on U12n.10A DNHF#3 core samples--
stress difference versus confining pressure . . . . . 61l

Uniaxial strain tests on Ul12n.10A DNHF#3 core samples--
mean normal stress versus volume change . . . . . . . 62

Uniaxial strain tests on U12n.10A DNHF#3 core samples--
stress difference versus confining pressure . . . . . 62

Uniaxial strain tests on Ul12n.10A DNRE#2, IFRE#2,
DNHF#3 core samples--mean normal stress versus
VOIUME CHANGE « « o v « i v 5 e %l 5 & % & & @5 63

Uniaxial strain tests on Ul2n.10A DNRE#2, TFRE#2,
DNHF#3 core samples--stress difference versus

CONTANAING PFESSUTE  « « v « v » o « 5 v & & & s.%. % x 63
Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change . . . . . . . 65
Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure . . . . . 65
18




e

Figure
B-2a

B-2b

B-3a

B-3b

B-4a

B-4b

B-5a

B-5b

Description

Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change .

Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure .

Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change .

Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure .

Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change .

Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure .

Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change .

Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure .

19

67

67

€3

68

69

69




LIST OF TABLES
' Table Description Page
1-1 Physical Properties, Uniaxial Strain Permanent Volume
ﬁ Compaction and Ultrasonic Wave Velocities on Indivi-
dual Tuff Samples Tested . . . . . . . . . . . . . .. 23
3 2-1 Physical Properties, Uniaxial Strain Permanent Volume
i Compaction and Ultrasonic Wave Velocities of
UEE2DELI0 THEES o 2 o0 vi e s o o i it e oo o5 Lt 1. 28
3-1 Young's Moduli and Poisson's Ratios from Triaxial
COMPEESSHAON. - o i s e a o o) ta 0w e o et e e e 30
3-2 Physical Properties and Ultrasonic Velocities of
UI2n. 100 OVEBYCOrES « « o < « » o s % « « a » 5 % % & & 30
4-1 Physical Properties, Uniaxial Strain Permanent Volume
Compaction and Ultrasonic Wave Velocities of Ul2n.10A
Stubeptean GRAUES = oo L L T e e e e s 37
T; 20
g‘ J
MWYAU— LR (o2 T mh




INTRODUCTION

The Diablo Hawk event at the Nevada Test Site is a test of a new
concept -- the two in one concept -- where two separate nuclear tests
are planned in the same main tunnel, Ul12n.10. Ground zero for Diablo
Hawk is located in the main horizontal drift, 500 feet to the portal
side of a previously executed nuclear test, Mighty Epic. Since this is
a new concept, a more thorough characterization is required for stemming
and containment than had been provided for past events. Material pro-
perties were determined in all directions from the Diablo Hawk working
point to better assess material changes detrimental to successful stemming
and containment that resulted from the Mighty Epic event.

Characterization in the horizontal plane of the working point was
provided by testing cores from 14 short horizontal and vertical drill
holes. The vertical drill hole--UE12n#10-- provided core samples for
testing from above and below the working point. Triaxial compression
tests were conducted on "N tunnel" bypass grout as well as tuff overcores.
The data are presented separately:

Section 1  Horizontal Ul12n.10A Drill Holes
Section 2  Vertical UE12n#10 Drill Hzle
Section 3  Overcore

Section 4 Grout

21




SECTION 1
U12n.10A HORIZONTAL DRILL HOLE SUMMARY

Several horizontal drill holes were emplaced from the Ul2n.10 main

and bypass drifts in tunnel bed three ear the Diablo Hawk working point
as shown in Figure 1-1. Material testing has been conducted on ash-fall

tuff cores from the following drill holes:

GSCH 1 LLEI 1
GSCH 2 DNRE 1
GSCH 3 DNRE 2
GSCH 4 DNHF 3
GSHF 3 IFRE 2
GSHF 4

GSHF 6,8,9

Physical properties. uniaxial strain measured permanent compaction,
and ultrasonic velocities are listed in Table 1-1. Figure 1-2 shows
plots of uniaxial strain mneasured permanent compaction versus drill hole

footage for select dril noles. Curves showing the uniaxial strain test

i
1 werTican
in& 2 ”; ‘MI ;‘ HAWK ‘(n:ru | "
B A TO PORTAL _
. N SSHES Gs U2 N.IOA MAIN
uRNOMAN N o S e — : ;
” ! \\ T v u"d‘ic"" (;'icuz ‘»Cfgc'”_ -
 ES UI2N.IO BY -PASS \ & gl s 3_ UI2N 10A BY-PASS
MIGHTY ERIC i
wp | ]
GSHF 6 GSHF 8 GSHF 9
f 'an View SCALE w00
Figure 1- . Location of drill holes in Diablo Hawk area.

(Small cross marks note the location from
which core samples were received and tested)
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Physical Properties, Uniaxial Strain Permanent Volume Compaction and
Ultrasonic Wave Velocities on Individual Tuff Samples Tested

TABLE 1-1

T *—’_ﬁ
DENSITY (gm/cc) WATER | POROSITY [SATURATION | CALC MEAS VELOCITY
DRILL HOLE/ BY WET (%) (%% AR PERMANENT ! km/sec)
FOOTAGE AS- WEIGHT VOIDS COMP
RECEIVED | DRY GRAIN %) N ) LONG SHEAR
T
4 8 3 | 3¢ 1.23
i | .
: | (4 1.38
3 4 i 3 16
I 1 4 3 3 o ? 13
=% - r 3 3 p | 80 0
6 3 4 3
2 : | |
55C 2t 63 ¢
b & 2 : A S -
S 4 16
] §5a
58 38 7 £ 3
GSCH 4 12 1.46 2.42 C 39.7 : :
41 1.60 4] 1t 33 - 9
63 ! 1.38 i u 2
33 1.93 1.65 15 3 5
106 1.76 138 43 4 B 56 3
118 1.89 1.52 45 3 Q 37
at 44 ‘ 40.3 : &
GSHF & 10 a4 42 3 3 4 g 2
48 59 a.6 ) 5
GSHF 6 42 1.86 46 3 i i
15 1.52 2 3 € 1€
16 1.54 a6 19.¢ s § 28
25 1.54 49 19 8 9 3
1.56 Y 18 36 € ¢ ¢ 4
46 1.60 a2 17 a 4 ' 8 7
DNRE 1 1.89 1.58 ) 41 ; a5 & ¢ Q ()
’ 194 1.64 4z 98 .3 : 4 5¢
73 1.93 1.60 a5 3¢ o8
83 1.92 8 44 at, 3 q e
38 1.89 5 a8 3.5 18 95 .7
112 1.91 7 44 5.8 3. 3 18 86
28 1.89 52 a7 3.5 354 g a0 1.3¢
ONHF 3 25 1.90 1.58 244 18.6 6.5 9.7 1 29 1.01
40 1.88 1.%2 2.50 19.4 19,3 93.0 g 73 1.2%
a9 1.94 1.67 2.45 14.2 1.9 86.5 4.3 1.71 1.83
58 1.74 1.30 2.46 25 6.9 332 4 4.4 1.75 2.08
69 1.84 1.44 2.47 21.5 4] .5 95.4 1.9 3 17 1.32
a4 1.86 1.47 2.44 20.8 39.6 97.6 1.0 2.1 93 1.52
100 2.00 1.70 2.45 14.9 30.4 97.8 0.7 0.3 3.81 2.11
112 1.85 1.54 2.47 17.1 37.8 83.7 6.2 6.0 cesa
22 1.85 1.47 2.46 20.4 40.1 94.1 2.4 - 1.66
130 1.79 1.37 2.45 23.8 432 9.4 1.6 2.7 2.36
144 2.01 1.69 2.54 15.8 315 5.1 1.6 3.0 1.36
158 1.9 1.65 2.53 17.0 ja.r 97.2 1.0 0.5 1.35
165 1.99 1.6% 2.53 17.0 387 92.2 1.0 0.4 1.36
181 1.91 1.57 2.44 17.7 5.8 94 4 2.0 0.7 1.63
194 1.99 1.70 2.4% 18.3 .5 Q.8 2.2 1.0 2.02
DNRE 2 24 1.89 1.52 50 19 3 1.90 1.22
13 2.1 ee- - o 3 o 01 3783 "t |
:
IFRE 2 8 1.96 1.61 2.48 7 4% 35.0 95.0 1.7 1.0 2.65 1.63 ;
1‘
:
{
i
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results--mean normal stress versus volume change and stress difference
versus confining pressure--are contained in Appendix A.

Material properties surrounding the U12n.10A working point show a
nearly saturated tuff with scattered areas of high air void contents
(i.e. over 2 percent). This trend was also seen in nearby U12n.10 UG#1,
2, and 3 drill holes previously examined by Terra Tekl. These high air
voids, in most cases, can be identified as a function of lithological
beds. GSCH#1 and #2 drill holes at the 50 to 100 foot depths, GSHF#4
drill hole at 20 and 40 feet and drill hole DNHF#4 along most of its

length are such areas showing above average air void content.

Cycled Uniaxial Strain Tests

Since the Diablo Hawk working point is close to Mighty Epic ground

zero, shock wave loading effects on the site were of interest. In order

to recognize those effects, it was decided to compare the mechanical res-
ponse of postshot tuffs to the response shown in the second cycle of a
cycled uniaxial strain test.

One might expect that uniaxial strain tests on postshot tuff would
produce results similar to the second cycle of a cycled uniaxial strain
test. Specified core footages were therefore subjected to cycled uniaxial
strain tests to 4 kbars. A typical 2 cycle uniaxial strain test is shown
in Figure 1-3. Note that the second cycle load and unload paths follow
the unload path of the first cycle contributing no additional volume strain.
Also note that the stress difference is significantly lower during the
second cycle for confining pressures less than 4 kbars. This shallow
failure curve could be a means of recognizing areas subjected to previous

loading (i.e. media surrounding a past event).
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Figure 1-3a.
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Figure 1-3b.
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SECTION 2
UE12n#10 VERTICAL DRILL HOLE SUMMARY

Ash-fall tuff core samples from vertical drill hole UE12n#10 were
subjected to uniaxial strain tests, physical property and ultrasonic
velocity measurements. The drill hole is located approximately 1000
feet northeast of the working point (see Figure 2-1). Core samples were
tested from between 1195 feet through 1417 feet (as measured from the Mesa
surface) in approximately 12-foot increments. This range was selected to
supply data approximately 100 feet above and 100 feet below the working
point.

Physical property and ultrasonic longitudinal and shear wave velocity
measurements are listed in Table 2-1. Figure 2-2 is a plot of permanent
volume compaction versus drill hole footage for each sample tested. The
uniaxial strain test curves are shown in Appendix B.

The data show a nearly saturated tuff with scattered areas of high
air void content. A region above the main tunnel elevation (between 1195
through 1241 foot depths) is such an area with air void contents over 2

percent.

® UEI2n¥*|0

SCALE: +—290

Figure 2-1. Plan view of Diablo Hawk area showing the UE12n#10 drill
hole from which core samples have been tested.
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TABLE 2-1

Physcial Properties, Uniaxial Strain Permanent Volume Compaction
and Ultrasonic Wave Velocities of UE12n#10 Tuffs

|
1

DRILL HOLE DENSITY (gm/cc) WATER | POROSITY |SATURATION| CALC MEAS \(ELO/C'TK
PO - il B s v‘t\)l;s PEchM”;.ENT =
RECEIVED | DRY GRAIN (%) (%) (%) LONG SHEAR
E 1195 1.91 1.57 2.47 18.0 36.6 94.0 2.2 1.3 2.86 1.46
1207 1.79 1.42 2.50 20.8 43.3 86.0 6.0 3.6 2.45 1.37
1217 1.69 1.23 2.46 27.1 49.9 91.7 4.1 3 2.19 1.25
1230 1.93 1.66 2.41 14.0 31.1 86.8 4.1 4.3 3.06 1.66
1241 1.81 1.47 .40 8.6 38.6 87.2 4.9 1D 2.30 1.2
1252 2.00 1.77 36 11.6 5.1 92.5 1.8 0.8 3.67 1.82
1265 1.77 1.31 2.45 26.1 46.5 99,1 0.4 2.4 2.93 1.63
1277 1.84 1.46 2.50 20.6 41.5 9].4 3.5 0.6 2.57 1.32
1290 1.79 1.38 2.46 23.1 43.9 93.9 2.7 0.4 2.34 1.06
1298 1.90 1.59 2.40 16.4 33.8 91.8 2.8 0.5 3.51 1.77
1313 1.79 1.36 2.50 24.2 45.7 94.5 2.5 - 2.24 0.97
1325 1.83 1.41 2.54 23.1 43.6 95.0 2.2 1.2 1.96 1.02
1336 175 .32 2.38 24.7 4.5 97.0 1.3 1.2 2.45 1.38
1348 1.79 1.36 2.485 23.8 44.3 96.1 L7 3.3 2.44 1.11
1360 1.77 1.39 2.44 21.5 43.0 88.3 5.0 1.3 2.54 1.24
1373 1.75 1.30 .42 25.6 46.1 97.1 1.3 1.5 2.43 1.04
1384 1.76 129 2.44 26.5 47.0 99.3 0.3 1.8 1.91 0.99
1395 1.73 1.30 2.40 24.9 45.9 93.9 2.8 1.0 2.62 1.33
: 1406 1.83 1.44 2.44 1.6 41.1 96.1 1.6 2.0 2.50 1.21
|15 1417 1.79 1.38 2.44 23.2 43.7 95.0 2.2 0.9 2.96 1.48
UEI2n#10
b
§
§ 5
g ()
< °
z
a ® - .-
2 [ ] o @ o !44!__'
w @
= [ ] o ©
ol_4—
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Figure 2-2. Comparison of UE12n#10 measured permanent compaction values-- |
measured permanent compaction versus drill hole footage.

28

TRy,

PPSIRpa RS-

s S l - ; oz ~ , ; - “l'i




SECTION 3
Ul2n.10A OVERCORE SUMMARY

Triaxial compression tests were conducted on test samples from the

following overcores

GSIS#6

ISS#31

ISS#32

ISS#33

ISS#34
in order to determine the elastic moduli for use by USGS (Special F.ujects,
Denver, Colorado) in evaluating in a7tu stresses2 These tests wer: per-
formed at three confining pressures, 1 bar (unconfined), 34.5 bars ‘500
psi), and 69 bars (000 psi). The Young's moduli and Poisson' ratics
obtained are listed in Table 3-1. Individual stress-strain curves are
shown in Figures 3-1 through 3-6. Failure envelopes deduced from the
tests are shown in Figures 3-7 and 3-8. Physical properties are listed
in Table 3-2.

Both Young's modulus and Poisson's ratio values were scaled f .

the Tinear elastic region. For the unconfined compression tests, this
was immediately after the initial non-linear stress-strain region associated
with microcrack closure. Results showed 140 percent increase in Young's
moduli for ISS overcores when confined * 1.5 and 69.0 bars. Young's
moduli for GSIS overcores increased ap .ximately <00 and 300 percent for
the same respective confining pressur- . Poisson's * i0s increased only

moderately from approximately 0.2 to C.3 with increcsed confining pressure

for both ISS and GSIS overcores.
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Young's Moduli and Poisson's Ratios from Triaxial Compression

TABLE 3-1

e e

| j o3 = 1 BAR o3 = 34.5 BARS og = 69.0 BARS
Drill Hole/Sample E(KB) V¥ " e E(KB) v E(KB) v
{0
ISS#31  #2 30 {0.09 + .01 43 0.28 + .15 | 45 0.22 + .09
ISS#32 #1 19 0.20 + .03 28 0.24 + .02 36 0.20 = .02
1SS#33 #2 58 0.26 £ .13 86 0.17 £ .01 82 9.35' = 05
ISS#34 #3 19 0.20 + .03 | 25 032 £ .02 27 0.29 + .01
GSIS#6 24" 7 {022 = .05 f 13 0.30 £ .04 22 0.26 + .04
GSIS#6 28' - --- 14 0.28 £ 0} 22 0.28 * .01
* Poisson's ratios are from an average of two transverse strain
measurements.
TABLE 3-2
Physical Properties and Ultrasonic Velocities of
Ul12n.10A Overcores
DRILL HOLE/ DENSITY (gm/cc) WATER POROSITY |SATURATION CALC MEAS. VELOCITY
SAMPLE | o ";E"g; %) (%) AR (km/sec)
[RECEIVED [ DRY GRAIN (%) v(c:nuos w(:,p ' LONG SHEAR

155431 #2 1.80 1.48 2.43 18 39 82 7.2 2.45 1.21

155432 #1 1.80 1.46 2.45 19 4] 83 6.8 2.33 0.90

155433 #2 1.85 1.49 2.41 20 38 96 1.6 2.36 1.3%

[SS#434 #3 1.81 1.45 2.44 20 40 88 4.9 2.43 1.22

GS1S#6 24 1.82 1.49 2.45 18 39 85 6.0 1.72 0.67

GSIS#6 28' 1.79 1.44 2.46 20 a1 85 6.4 1.67 0.75
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Figure 3-1. Triaxial compression stress-strain curves for ISS#31-2
overcore samples. (*Confining pressure given in bars.)
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Figure 3-2. Triaxial compression stress-strain curves for ISS#32-1

overcore samples. (*Confining pressure given in bars.)
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Triaxial compression stress-strain curves for I1SS#33-2
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Figure 3-5. Triaxial compression stress-strain curves for GSIS#6
overcore samples. (*Confining pressure given in bars.)
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Figure 3-6. Triaxial compression stress-strain curves for GSIS#6
overcore samples. (*Confining pressure given in bars.)
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SECTION 4
U12n.10A "N TUNNEL" BYPASS DRIFT SUPERLEAN GROUT SUMMARY

Superlean grout from U12n.10A "N Tunnel" bypass drift (CS 17+30)
was tested for physical and mechanical properties. Longitudinal and
shear wave velocities, triaxial compressive response at confining pres-
sures of 0, 0.5, 2.0 and 4.0 kbars and uniaxial strain response up to a
mean normal stress of 4.0 kbars were determined.

Physical properties and ultrasonic velocities are listed in Table
4-1. The triaxial compressive data are plotted in Figure 4-1 and the
uniaxial strain response is plotted in Figure 4-2.

Physical properties show the grout to be of relatively low density
and slightly undersaturated with air void contents near 5 percent. High
shear strenaths, most probably due to aging, were approximately twice
those of superlean grouts previously tested at these stress statesl’3.
Failures occurred near 30 bars for the unconfined tests and 65 bars for
the confined tests. Volumetric strain during the uniaxial strain tests
ranged from 8 to 9 percent resulting in permanent volume compaction of

4 to 5 percent by volume.
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TABLE 4-1

Physical Properties, Uniaxial Strain Permanent Volume Compaction
and Ultrasonic Wave Velocities of U12n.10A Superlean Grouts

SAMPLE DENSITY (gm/cc) WATER | POROSITY |SATURATION| CALC MEAS VELOCITY
DESIGNATION BY WET (%) %) AR PERMANENT (km/sec)
AS- WEIGHT VOIDS COMP.
RECEIVED DRY GRAIN (%) (%) (%) LONG SHEAR
1A* 1.75 1.30 6 5 50.9 87.2 ¢
4 08 1.09
18 1.75 1.30 2.63 : 0.5 88.4 5.8
2A 1.75 1.28 2.68 7.1 51.¢ 92.1 4.1
5 2.3 1.03
28 1.74 1.29 f 7 0.¢ 88.4 8

* The number-letter designation indicates core number-test number.
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Figure 4-2a. Uniaxial strain tests on U12n.10A "N Tunnel" bypass drift
superlean grout--mean normal stress versus volume change.
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APPENDIX A

Uniaxial Strain Curves for Ul2n.10A Drill Holes
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Figure A-la. Uniaxial strain tests on Ul12n.10A GSCH#1 core samples--
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Figure A-2a. Uniaxial strain tests on U12n.10A GSCH#1 core samples--
mean normal stress versus volume change.
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stress difference versus confining pressure.
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mean normal stress versus volume change.

GSCH #2

STRESS DIFFERENCE, 0~ 0 3 .XKBARS

4
J
01 3 3
o
(o} L " K/
0 ! 2 3 4
CONFINNG PRESSURE, oy, KBARS

Figure A-5b. Uniaxial strain tests on Ul2n.10A GSCH#2 core samples--
stress difference versus confining pressure.
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Figure A-6a. Uniaxial strain tests on U12n.10A GSCH#2 core samples--
mean normal stress versus volume change.
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stress difference versus confining pressure.
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Uniaxial strain tests on Ul2n.10A GSHF#4 core samples--
stress difference versus confining pressure.
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Figure A-14a. Uniaxial strain tests on Ul12n.10A GSHF#4 core samples--
mean normal stress versus volume change.
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Figure A-14b. Uniaxial strain tests on Ul2n.10A GSHF#4 core samples--
stress difference versus confining pressure.
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mean normal stress versus volume change.
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Figure A-15b. Uniaxial strain tests on Ul2n.10A GSHF#6,8,9 core samples-- ~
stress difference versus confining pressure.
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Uniaxial strain tests on Ul2n.10A LLCI#1 core samples--

mean normal stress versus volume
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Uniaxial strain tests on Ul12n.10A LLCI#1 core samples--
stress difference versus confining pressure.
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Figure A-17a. Uniaxial strain tests on U12n.10A DNRE#1 core samples--
mean normal stress versus volume change.
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Figure A-17b. Uniaxial strain tests on U12n.10A DNRE#1 core samples--
stress difference versus confining pressure.
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Figure A-18a. Uniaxial strain tests on U12n.10A DNHF#3 core samples--
mean normal stress versus volume change.
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Figure A-18b. Uniaxial strain tests on Ul2n.10A DNHF#3 core samples--
stress difference versus confining pressure.
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Figure A-20a. Uniaxial strain tests on U12n.10A DNHF#3 core samples--
mean normal stress versus volume change.
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Figure A-20b. Uniaxial strain tests on Ul2n.10A DNHF#3 core samples--
stress difference versus confining pressure.
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mean normal stress versus volume change.
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stress difference versus confining pressure.
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APPENDIX B

Uniaxial Strain Curves for UE12n#10 Vertical Drill Hole
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Figure B-la. Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change.
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Figure B-1b. Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure.
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Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure.
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Figure B-3a. Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change.
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Figure B-3b. Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure.
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Figure B-4a. Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change.
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Figure B-4b. Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure.
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Figure B-5a. Uniaxial strain tests on UE12n#10 core samples--
mean normal stress versus volume change.
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Figure B-5b. Uniaxial strain tests on UE12n#10 core samples--
stress difference versus confining pressure.
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MATERIAL PROPERTIES OF U12n.10A DNUG#5 CORE SAMPLES

bt




U12n.10A DNUG#5 VERTICAL DRILL HOLE SUMMARY

Ash-fall tuff core samples from vertical drill hole Ul2n.10A DNUG#5
were subjected to uniaxial strain tests, physical property and ultrasonic
velocity measurements. The drill hole was collared at the Diablo Hawk
working point in the Ul2n.10 main drift. Core samples tested were from
between 12 feet and 99 feet (as measured downward from the tunnel floor)
in approximately 10 foot increments. Additional core samples between the
20 foot through 30 foot depths were tested to identify a suspected area
of high air void content.

Physical property and ultrasonic longitudinal and shear wave velo-
city measurements are listed in Table 1. Figure 1 is a plot of permanent
volume compaction and calculated air void content versus drill hole foot-
age for each sample tested. The uniaxial strain test curves are shown in
Figures 2 through 5.

Test data indicate a nearly saturated tuff along most of the drill
hole length with an undersaturated region between 20 feet and 25 feet.
Air void content in this undersaturated area is about six percent. Aver-
age maximum stress difference at 4 kbars confining pressure appears to be

around 0.3 kbars.
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TABLE 1

Physical Properties, Uniaxial Strain Permanent Volume Compaction and
Ultrasonic Wave Velocities of Ul2n.10A DNUG#5 Tuffs

DRILL HOLE DENSITY (gm/cc) WATER POROSITY \TURAT ION CALC. MEAS. VELOCITY
FOOTAGE _ BY WET (%) (%) AR PERMANENT (Km/sec/Ft./sec)
AS WEIGHT vOIDS COMP.

DN_UG#5 NED| DRY | ohain (%) %) %) LONG | SHEAR
12 1.85 151 2.40 18.6 37. 92.6 2.7 1.5 2.98/9776] 1.52/4986
16 1.88 1.55 2.38 17.4 34.7 94.0 2.1 2.3 3.17/10403 1.45/4740,
19 1.77 1.44 2.18 18.7 34.0 97.4 0.9 2.3 2.69/8842|1.58/5187
21 ¥.73 .35 2.36 21.8 42.7 88.4 4.9 4.6 2.12/6955] 1.06/3477
24 7 1.44 2.39 18.8 39.9 83.4 6.6 5.9 2.32/7618] 1.33/4363
27 1.82 1.45 2.38 20.4 39.1 94.8 2.0 13 2.90/9507] 1.35/4438
28 1.81 1.41 2.46 22.0 42.6 93.4 2.8 1.8 2.16/7086] 0.8%/2788]
40 1.80 1.39 2.41 22.7 42.4 96.1 1.7 1.4 2.57/843111.17/3838
50 1.84 1.46 2.40 20.5 39.0 96.5 1.4 1.6 2.85/9350] 1.25/4101
59 1.78 1.32 2.43 25.4 45.5 99.2 0.4 0.6 2.78/9120] 1.33/4363
69 1.93 1.58 .51 18.1 37.0 94.2 2+ 1.0 2.88/9448| 1.39/4560
81 1.94 1.60 2.49 17.7 35.9 95.7 1.5 1.4 2.47/8103]1.58/5183
90 1.98 1.69 2-51 14.8 32.8 89.4 3.5 1.6 2.92/9580 | 1.81/5938!
99 1.89 3153 2.44 19.0 37 .2 96.3 1.4 0.5 2.56/8399 | 1.47/4822
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Figure 1. Comparison of Ul12n.10A DNUG#5 tuff measured permanent

compaction and calculated air void content as a func-
tion of drill hole footage.
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m, KBARC

Figure 2a. Uniaxial strain test to 4 kbars confining pressure on
U12n.10A DNUG#5 tuff samples -- mean normal stress
versus volume change.

3 é ‘ a

FINING PRESSURE . Oy . KBARS

Figure 2b. Uniaxial strain test to 4 kbars confining pressure on
Ul2n.10A DNUG#5 tuff samples -- stress difference
versus confining pressure.
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Figure 3a.

Figure 3b.
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Uniaxial strain test to 4 kbars confining pressure on
U12n.10A DNUG#5 tuff samples -- mean normal stress
versus volume change.
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CONFINING PRESSURE, 7, xBARS

)

Uniaxial strain test to 4 kbars confining pressure on
U12n.10A DNUG#5 tuff samples -- stress difference
versus confining pressure.
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Figure 4a. Uniaxial strain test to 4 kbar confining pressure on
Ul2n.10A DNUG#5 tuff samples -- mean normal stress
versus volume change.
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Figure 4b. Uniaxial strain test to 4 kbars confining pressure on

U12n.10A DNUG#5 tuff samples -- stress difference
versus confining pressure.
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Figure 5a.

Figure 5b.
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Uniaxial strain test to 4 kbars confining pressure on
U12n.10A DNUG#5 tuff samples -- mean normal stress
versus volume change.

STRE

Uniaxial strain test to 4 kbars confining pressure on
Ul2n.10A DNUG#5 tuff samples -- stress difference
versus confining pressure.
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PR SOy S

PHYSICAL AND MECHANICAL PROPERTIES OF DIABLO HAWK TUFF
MATCHING GROUT -- ME8-11




Terralek

September 14, 1977

Mr. J. W. LaComb
Defense Nuclear Agency
Nevada Test Site
Mercury, NV 89023

Dear Joe:

Enclosed are test results on the Diablo Hawk LOS Drift grouts (ME8-11).
Six samples, designated

12 + 58.5
12 + 28
12 + 17
+ 06
11 + 94
11 + 64

DO H WM —
—_—
nN

were tested for physical and mechanical properties. Material testing con-
sisted of uniaxial strain tests to 4.0 kbars confining pressure and physi-
cal property and ultrasonic velocity measurements.

Test results are listed in Table I. Uniaxial strain test curves are
shown in Figures 1 and 2. Test results show the grout to be slightly un-
dersaturated with ~4 percent air voids. Stress difference averaged about
0.3 kbars at 4 kilobars confining pressure.

Also enclosed are average materi>1 property data that you requested
on Mighty Epic structures area tuffs and Diablo Hawk stemming area tuffs.
Select physical properties from these areas are listed in Table II for
comparison with the average grout properties. Figure 3 shows the average
uniaxial strain stress-stress curve for each group.

If you are in need of any further data for comparative purposes,
please give me a call.

Sincerely,

»04» 444(&«44

D. S. Gardiner
Research Engineer

DSG/jl1g
Enclosures

cc: Charles Welch, WES
Cliff Snow, DNA

UNIVERSITY RESEARCH PARK . 420 WAKARA W 80" SALT LAKE CITY, UTAH 84108 (801 L8 2220




DIABLO HAWK
LOS DRIFT GROUT
MES8 -1 3

n [~ »

MEAN NORMAL STRESS, R, ,KBARS

VOLUME CHANGE, 8V/y . %

Figure la. Uniaxial strain test results on Diablo Hawk LOS Drift
grout (ME8-11) -- mean normal stress versus volume
change.

DIABLO HAWK
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MEB-1I

F 2

STRESS DIFFERENCE, 0, -05 , KBARS

CONFINING PRESSURE, Oy ,KBARS

Figure 1b. Uniaxial strain test results on Diablo Hawk LOS Drift
grout (ME8-11) -- stress difference versus confining
pressure.
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Figure 2a.

Figure 2b.
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Uniaxial strain test results on Diablo Hawk LOS Drift
grout (ME8-11) -- mean normal stress versus volume

change.
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Uniaxial strain test results on Diablo Hawk LOS Drift
grout (ME8-11) -- stress difference versus confining

pressure.
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TABLE I

Diablo Hawk LOS Drift Grout

SAMPLE DENSITY (gm/cc) WATER POROSITY |SATURATION CALC. MEAS. VELOCITY
DESIGNATION BY WET (%) (%) AR PERMANENT (km/sec)
AS- WEIGHT VOIDS COMP.
RECEIVED | DRY GRAIN (%) (%) (%) LONG SHEAR
ME 8-11
1 2.14 1.78 3.01 16.6 40.9 86.7 5.4 4.8 3.39 1.90
2 2.16 1.81 2.95 16.0 38.5 90.1 3.8 5.5 3.33 1.84
3 2.19 1.80 3.01 17.8 40.1 97.0 bl 2.6 3.42 1.86
4 2.10 1.74 2.92 17.1 40.4 88.6 4.6 4.7 3.37 1.89
5 217 1.81 3.15 6.7 42.5 85.1 63 3.3 3.42 1.87
6 2.13 1.78 2.98 16.7 40.3 88.3 4.7 e 3.41 1.85
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TABLE II

Mighty Epic*

Select Average Properties of Tuffs and Grouts Relating
to the Diablo Hawk Event

Diablo Hawk*

Tuff (Structures)  Tuff (Stemming Area)

As Received Density (gm/cc) 1.95 + 0.05

Water Content by Wet Weight (%) 15.7 = 2.6
Porosity (%) 31.0 £ 7.0

Air Voids (%)** 1.0 + 0.4

Ultrasonic Longitudinal Velocity (km/sec) 3. 14 £ 0.3

* Mighty Epic Tuff - U12n.10 UG#4, UG#6a; see TR 76-63, pg. 210.
Diablo Hawk Tuff - U12n.10 GSCH#3, DNHF#3

** Air void is the permanent volume compaction from the uniaxial strain test.
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o
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L 1 1
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| 2 3
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o age untaxial strain curves for Diablo Hawk
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SOME MATERIAL PROPERTIES OF DIABLO HAWK TUFF ASSOCIATED
WITH THE TRW EXPERIMENT

TR 77-95
October 1977

85




SOME MATERIAL PROPERTIES OF DIABLO HAWK TUFF ASSOCIATED
WITH THE TRW EXPERIMENT

Material property testing of tuffs associated with the TRW experi-
ment was not completed at the time of submittal of this final report.

To maintain continuity, the report, in its entirety, will be published

at a later date when testing is completed.
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OTABLO HAWK STRUCTURES TUFF MATERIAL
PROPERTIES -- BOEING DRIFT

87

TR 77-90
October 1977




OB LA ey

ABSTRACT

An experiment planned for the Diablo Hawk event in Area 12 at the
Nevada Test Site involves the emplacement of a horizontal column of
saturated sand. A portion of the Boeing drift, located near ground zero,
will be used to house the sand column. Mechanical testing of the saturated
sand has been conducted to characterize its response under selected stress
conditionsl. This report summarizes the characterization of the Boeing

drift media (tuff).

1. Gardiner, D. S., Butters, S. W., "High Pressure Mechanical Properties of
Saturated Lapis Lustre Sand," Terra Tek Report TR 77-70, August 1977.
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INTRODUCTION

Material properties of the tuff media surrounding the Boeing drift
at the Diablo Hawk event (Area 12 NTS) are required for pre-test ground
motion calculations. Selected samples of tuff from three specific loca-
tions were characterized: (1) near the working point (GSHF#3 and GSCH#4);
(2) at the working point end of the Boeing drift (PIFF#1); and (3) near
R.S. 400' in the Boeing drift (PIFF#9). Respective locations of these
drill holes are shown below in Figure 1.

Material characterization of the tuff was accomplished through mea-
surement of both mechanical and physical properties. Mechanical testing
included hydrostatic and triaxial compression and uniaxial strain tests.
Confining pressure ranged from O (unconfined compression) to 8 kbars.
Physical properties measured were "as received" density, content moisture
and grain density. Porosity, saturation and air void content were cal-

culated from the measured physical properties.

-z

/ DIABLO wWAWK
| WORKING POINT
GSHF 3 Ul2n 10A MAIN Dﬁll’f
RS | S | e— o = —

___._._._. I‘T
: G5CH \
:\f‘_ u|2n IOA By~ PASS Dmfr
‘—U"

,,7,,._

o/
sk scaLe, 199,

Figure 1. Plan view of Boeing drift and selected drill holes.




TEST RESULTS

Physical properties and measured permanent compaction (from both hydro-
static compression and uniaxial strain tests) are listed in Table 1. Maxi-
mum stress difference during triaxial compression is plotted in the form
of failure envelopes in Figure 2 through 4 for GSHF#3-GSCH#4, PIFF#1 and
PIFF#9 respectively. Stress-strain curves for hydrostatic and triaxial
compression tests are shown in the Appendix. Uniaxial strain test results
are shown in Figures 5 through 7 as stress difference versus confining pres-

sure. Complete uniaxial strain test curves are also shown in the Appendix.

TABLE 1

Physical Properties and Measured Permanent Compaction on
Diablo Hawk Structures Tuff (U12n.10A)

DRILL HOLE DENSITY (gm/cc) POROSITY JSATURATION
FOOTAGE 8 8Y WET (%) (%) AR PERMANENT
AS WEIGHT VvOIDS COMP.
RECEIVED | DRY GRAIN (%) (%) (%)
Hyd. 1I-D
PIFF#1 12' 1.84 1.51 2.40 17.8 36.9 88.8 4.1 0
PIFF#1 20' -- - - -- -- -- -- 4.5 2.8
PIFF#9 &' 1.84 LY 2.43 17.4 37.4 85.5 5.4 2.1 1.0
PIFF#9 6' -- -- -- -- -- -- -- 5.1 4.1
GSHF#3 20' 1.83 1.47 2.40 19.5 38.6 92.4 & *9.0 2.0
GSCH#4 113 1.94 1.60 2.49 173 39.5 93.4 2.4 7.5 2.0

* Hydrostatic compression permanent compaction was obtained by using 3
times the axial strain (transverse strains were not measured). These
high values are not thought to be representative of the in situ air void
content since both the calculated air voids and the uniaxial strain mea-
sured permanent compaction indicate much lower values.
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*" TRIAXIAL COMPRESSION DIABLO HAWK STRUCTURES
} FAILURE POINTS TUFF (NEAR WORKING
| o 8k POINT)
! @ - . !
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Figure 2. Triaxial compression failure points of GSCH#4 and GSHF#3 tuff
samples. Dashed lines are estimates of failure envelopes.

TRIAXIAL COMPRESSION DIABLO HAWK STRUCTURES
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Figure 3. Triaxial compression failure points of PIFF#1 tuff samples.
Dashed Tines are estimates of failure envelopes.
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TRIAXIAL COMPRESSION DIABLO MAWK STRUCTURES
FAILURE POINTS TUFF (BOEING DRIFT
8 F NEAR R.S. 400°)
L s PIFF#9 &'
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= (RECEIVED UNWRAPPED) /
m L4
5 //(UNDERSATURATED)
s 12| / ™ 3% AIR voIOS
g /
8 o} /
z /
w d
@ 08| //
w 7
w ’/
s osf _ .
-
3 0.4 /” ,”.
w 7 ,4’
« ? R S
5 0.2 [‘
) 1 4 e . 1
0 2 a 6 8 10

CONFINING PRESSURE, O3, KBARS

Figure 4. Triaxial compression failure points of PIFF#9 tuff samples.
Dashed lines are estimates of failure envelopes.
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Figure 5. Uniaxial strain paths of GSHF#3 and GSCH#4 tuff samples.
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Uniaxial strain paths of PIFF#1 tuff samples.
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Uniaxial strain paths of PIFF#9 tuff samples.
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DISCUSSION

Test results show, as expected, the scatter in tuff response for sam-
ples from the various core holes. Percentage air voids varied from sam-
ple to sample even though they were taken from the same approximate loca-
tion. Also, triaxial compression failure points falil both below and above
the uniaxial strain path. Since the triaxial compression failure strength
should always be above the stress-stress curve generated by the uniaxial
strain curves, this is further evidence of the tuff scatter.

With regard to the failure surface, the data up to the 4 kbars con-
fining pressure is typical of previous resu]tsz. That is, shear strength
increases by factors of 2 or 3 with increased confining pressure up to
about 0.2 kbars. From -0.2 kbars to 4 kbars, the increases in shear
strength are much less dramatic, on the order of 20-50 percent. From 4
to 8 kbars confining pressure, however, the shear strength again shows
substantial increases with increasing confining pressure (i.e. based on
data points at 4 and 8 kbars confining pressure).

Although the reasons for this behavior are not completely understood,
it is thought that the pore pressure and hence the effective stress play
an important role. That is, at the low confining pressure (0 to ~0.2
kbars), the material matrix supports a substantial amount of the stress
due to the confining pressure, resulting in low pore pressure and high

effective stresses. At the intermediate pressures (0.2 to 4.0 kbars) the

2. Butters, S. W., Dropek, R. K., Jones, A. H., "Material Properties of

Nevada Test Site Tuff and Grout with Emphasis on the Mighty Epic Event,"

Terra Tek Report TR 76-63, November 1976.
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rock matrix is breaking down and the pore pressure increases with the
confining pressure, resulting in very little increase in the effective
stress over this confining pressure range. At confining pressures above
approximately 4 kbars, the rock matrix has collapsed to the point where
it again begins to carry an increased percentage of the added stress and
the effective stress increases rapidly as a function of the confining
pressure.

The above reasoning would appear to explain the increase in shear
strength above 4 kbars confining pressure. The uniaxial strain path is
expected to shaw similar increases. Future tests at confining pressures

above 4 kbars should include pore pressure measurements.
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UNCONFINED COMPRESSION TESTS
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Figure Al. Unconfined compression test on Ul2n.10A PIFF#9 tuff --
stress versus axial and transverse strains.
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Figure A2. Unconfined compression test on Ul2n.10A PIFF#9 tuff --
stress versus axial and transverse strains.
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Figure A3. Unconfined compression test on Ul2n.10A GSHF#3 tuff --
stress versus axial and transverse strains.
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Figure A4. Unconfined compression test on Ul2n.10A GSCH#4 tuff --
stress versus axial and transverse strains.
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Figure A5. Unconfined compression test on U12n.10A PIFF#1 tuff --
stress versus axial and transverse strains.
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Figure A6. Unconfined compression test on Ul2n.10A PIFF#1 tuff --
stress versus axial and transverse strains.
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| 4 KBAR TRIAXIAL COMPRESSION TESTS
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Figure A7.

Figure A8.
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Triaxial compression test at 4 kbars confining pressure
on Ul12n.10A PIFF#9 tuff -- stress difference versus
axial and transverse strains.
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Triaxial compression test at 4 kbars confining pressure
on Ul2n.10A GSHF#3 tuff -- stress difference versus
axial and transverse strains.
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Figure A9. Triaxial compression test at 4 kbars confinino obressure on
Ul2n.10A PIFF#1 tuff -- stress difference versus axial and
transverse strains.
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Figure A10. Triaxial compression test at 4 kbars confining pressure on
Ul2n.10A GSCH#1 tuff -- stress difference versus axial and
transverse strains.
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8 KBAR HYDROSTATIC AND TRIAXIAL COMPRESSION TESTS
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Figure A13. Hydrostatic compression test to 8 kbars confining pressure
on Ul2n.10A GSHF#3 tuff -- confining pressure versus axial
strain.
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Figure Al4. Triaxial compression test at 8 kbars confining pressure on
U12n.10A GSHF#3 tuff -- stress difference versus axial strain.
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Hydrostatic compression test to 8 kbars confining pressure
on U12n.10A GSCH#4 tuff -- confining pressure versus axial
strain.

ul2n. 10A
GSCH #4 113’

O;= 8.0 KBARS

1 1 1 L 1

0 I 2 3 4 S

AXIAL STRAIN, €n %

Triaxial compression test at 8 kbars confining pressure on

U12n.10A GSCH#4 tuff -- stress difference versus axial strain.
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Hydrostatic compression test to 8 kbars confining pressure
on U12n.10A PIFF#9 tuff -- confining pressure versus axial
strain.
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Triaxial compression test at 8 kbars confining pressure on
U12n.10A PIFF#9 tuff -- stress difference versus axial strain.
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Figure A19. Hydrostatic compression test to 8 kbars confining pressure
on Ul2n.10A PIFF#9 tuff -- confining pressure versus axial

strain.
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Figure A20. Triaxial compression test at 8 kbars confining pressure on
U12n.10A PIFF#9 tuff -- stress difference versus axial strain.
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Figure A21. Hydrostatic compression test to 8 kbars confining pressure
on U12n.10A PIFF#1 tuff -- confining pressure versus axial
strain.
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Figure A22. Triaxia) compression test at 8 kbars confining pressure on

Ul12n.10A PIFF#1 tuff -- stress difference versus axia1 strain.
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Figure A23. Hydrostatic compression test to 8 kbars confining pressure
on Ul2n.10A PIFF#1 tuff -- confining pressure versus axial

strain.
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Figure A24. Triaxial compression test at 8 kbars confining pressure on
Ul2n.10A PIFF#1 tuff -- stress difference versus axial strain.
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Uniaxial strain test to 6.5 kbars on U12n.10A GSHF#3 tuff --
mean normal stress versus volume change.
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Uniaxial strain test to 6.5 kbars on Ul2n.10A GSHF#3 tuff --
stress difference versus confining pressure.
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Uniaxial strain test to 7 kbars on U12n.10A GSCH#4 tuff --
mean normal stress versus volume change.
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Uniaxial strain test to 7 kbars on U12n.10A GSCH#4 tuff --

stress difference versus confining pressure.
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Figure A29. Uniaxial strain test to 6 kbars on Ul2n.10A PIFF#1 tuff --
mean normal stress versus volume change.
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Figure A30. Uniaxial strain test to 6 kbars on Ul2n.10A PIFF#1 tuff --
stress difference versus confining pressure.
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Figure A31. Uniaxial strain test to 6 kbars on Ul2n.10A PIFF#1 tuff --
mean normal stress versus volume change.
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Figure A32. Uniaxial strain test to 6 kbars on Ul2n.10A PIFF#1 tuff --
stress difference versus confining pressure.
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Figure A34.
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Figure A33. Uniaxial strain test to 7 kbars on Ul12n.10A PIFF#9 tuff --
mean normal stress versus volume change.
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Uniaxial strain test to 7 kbars on Ul2n.10A PIFF#9 tuff --

stress difference versus confining pressure.
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Figure A35. Uniaxial strain test to 7.5 kbars on U12n.10A PIFF#9 tuff --
mean normal stress versus volume change.
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Figure A36. Uniaxial strain test to 7.5 kbars on U12n.10A PIFF#9 tuff --
stress difference versus confining pressure.
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HIGH PRESSURE MECHANICAL PROPERTIES OF LAPIS LUSTRE SAND

Laboratory testing of Lapis Lustre sand is all completed with the
exception of a few additional tests for documenting the actual field
emplacement of the sand. The report will therefore be published upon

completion of those remaining tests.
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HYBLA GOLD EVENT

Material Properties for the Hybla Gold Event
Material Properties of Ul2e.20 Tuff Overcores

Water and Air Permeability of Concrete from Hybla Gold Pipe
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ABSTRACT

The location of the forthcoming Hybla Gold event at the Nevada Test
Site is unique in that it is located close to a previously executed nu-
clear test. Typical site characterization usually assumes that material
properties are reasonably consistent and predictable within a given geo-
logical layer. This could not be assumed for the Hybla Gold event. The
material (tuff) surrounding the Hybla Gold event had been subjected to
shock waves from the previous Dining Car event. The magnitude of the
shock waves is obviously a function of distance from the Dining Car work-
ing point. Recent work completed by Terra Tek for the "two-for-one"
concept1 (multi use of common facilities) suggested, although no con-
clusions could be made because of a paucity of data, that material pro-
perties changes could result from shock loading or from cavity growth. In
either case, it was necessary to characterize the Hybla Gold media as a
function of Tlocation.

The media characterization included mechanical and physical properties.
Comparisons are also drawn on the effects of the Dining Car event on the

Hybla Gold media.
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INTRODUCTION

The forthcoming Hybla Gold nuclear event at the Nevada Test Site re-
quired, as for past events, material characterization and hence a material
model, for predicting stemming and containment. However, the Hybla Gold
configuration was unusual for two reasons: 1) the Hybla Gold working point
and drifts were within 300 feet of a previous event (Dining Car) and 2) the
Hybla Gold event was expected to behave differently than the "standard" DNA
horizontal line-of-sight-pipe event. The Hybla Gold characterization was

therefore conducted with consideration given to these unusual conditions.

Material properties have been determined on pre-Dining Car core sam-
ples from a single vertical drill hole located approximately 350 feet
southwest of the working point and on post-Dining Car core samples (i.e.
Hybla Gold samples) from several drill holes located in the horizontal
plane of the Ul2e.20 main and auxiliary drifts.

Tests were conducted on core samples from the following drill holes:

UE12e#1 (vertical from Mesa top) Pre Diring Car
Ul2e.18 DNRE#1
Ul2e.20 UG#1, 2, 3 Hybla Gold
(Post Dining Car)
Ulze.20 HF#L, 25 3 4, 5, 65 75 85 9, LOA
The relative locations of these drill holes are shown in Figure 1.

Site characterization was accomplished by determination of mechanical
properties (i.e., a combination of uniaxial strain and triaxial compression
tests) and measurement of physical properties and ultrasonic longitudinal

and shear wave velocities. Select core samples were also subjected to
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tensile tests, gas flow tests, Atterberg Limit (plasticity) tests and
scanning electron microscopy in order to more completely characterize spec-

ific locations of interest.

HYBLA GOLD
WORKING POINT

|
I
NG :
\Ge |
& [
? \
PREVIOUS
DINING CAR UEI2e.%
WORKING l:o:p g
TO PORTAL
~ — Ongg ,®
= Ul2e. 18 MAIN DRIFT
L&‘ = A BYPASS DRIFT
g = =
R e D
o SCALE o0

Figure 1. Plan view of the Hybla Gold tunnels and selected drill holes

Data is presented in graphic and tabular form with written discussion

by section as shown below:

Section I Site Evaluation Tests
Section II Select Miscellaneous Tests
Section III Comparison of Dining Car and Hybla Gold

(Post-Dining Car) Material Properties
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SECTION I
SITE EVALUATION TESTS

UE12e#1 Vertical Drill Hole (Pre-Dining Car)

In order to evaluate the effects of the Dining Car event on the Hybla
Gold media, it was necessary to establish Dining Car material properties.
For select properties, this had been accomplished with a number of tests
on pre-Dining-Car core samp]es,2 however, tests on UE12e#1 core samples
were required to address properties such as porosities, permeabilities,
shear strengths and ultrasonic velocities over a greater cross-section
of the containment media.

The UE12e#1 vertical drill hole penetrates the horizontal plane of
the Ul2e.20 drift approximately 350 feet southwest of the Hybla Gold work-
ing point (see Figure 1). The drill hole was collared on top of the Rainier
Mesa. Cores were tested over the interval 241 feet through 1248 feet,
therefore, giving a cross-section of the bedding planes above the main
tunnel. Physical property measurements included densities, total and
effective porosities and permeabilities. Mechanical properties were ob-
tained via tension, triaxial compression, and uniaxial strain tests.
Ultrasonic longitudinal and shear velocities were also measured.

Physical properties, ultrasonic velocities, and uniaxial strain mea-
sured permanent compaction are listed in Table 1. Uniaxial strain measured
permanent compaction is plotted versus drill hole footage in Figure 2 (the
uniaxial strain test curves are shown in Appendix A). Triaxial compression
failure points are also shown in Figure 2 for each drill hole footage.
Triaxial compression stress-strain curves are shown in Appendix A. Young's
moduli (from triaxial compression tests) and tensile strengths are listed

in Table 1.
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TABLE 1
| Physical Properties, Uniaxial Strain Measured Permanent Compaction,
| Young's Moduli, Tensile Strengths, and Ultrasonic Longitudinal
¥ and Shear Wave Velocities of UEl2e#1 Tuffs
’ DENSITY (am/cc) WATER EFFEC YI‘._IV e ! AMT T 7“;; e -E‘:‘ 72:7'
BY WET | AS AlR PERMANENT ft/sec
AS- WEIGHT | POROSITY | POROSITY SATURATION | VOIDS COMF
73{/{6_{»!1551!504#7 7 DRY B GRAlVN (%) ‘ ) 1 ( | | NG
241 225 | 213 | 2.50| s.5 | 151 | 137 82.7 2.6 .1 1379 217.4
298 1.66 1.36 } 2.43 | 18.1 1 43,4 43.4 68.3 13.9 1 ¢ 16.6
400 1.79 1.42 :‘ 2.52 | 20.6 ! 43.6 39 ¢ Ha € 6.7 j. ¢ : - 6.7
489 1.56 1.25 1 2.39 | 20.1 | 47.9 45 ¢ 65.5 16..5 13.7
644 1.85 1.62 : 2.49 | 12.2 | 34.9 33.1 64.9 12, 8.7 33 14.3
699 1.76 1.42 2.99'  19.1 | 43.0 | 41.5 ¥ 3.3 6.1
| 801 1.78 1.43 2.61 19.8 45.3 4 /7.8 1 4 adu
[ 904 1.82 1.45 2.41 | 20.3 39,9 35.9 2.7 3 4.€ 119; 668
1 980 1.99 1.64 2.60 17.6 37.0 4 34 .9 1.9 7 ER iHa
E 110 1.91 1.62 2:.44 | 15.3 33.7 30. ¢ 6.7 4.4 3.4 HRE]
| 120 1.82 1.47 a6 19.4 40.3 -
| 1248 | 1.96 $ WA 2.43 l 12.7 29.6 f.4 na

* = T T T T T T g
g—'s'_ ¥ ”’_‘____+ e e e UE 12 e#]| ‘—-+—*22
= : b’
Q ( ! \
& ] | & | b
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; A e e —_— —— . —4——-—“; .-—— —— — + »oa
’ . * 4|z
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[o] i - q oo - 9 A = é i & ‘ 1 & i o ;
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DRILL HOLE FOOTAGE , FT.

Figure 2. Selected data from UE12e#1 core samples--uniaxial strain
permanent compaction and triaxial compression failure points.

@ Uniaxial strain measured permanent compaction
A Triaxial compression (03=0.069 kbars) failure points
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Examination of the data reveals that the region between 298 feet and
904 feet is a region of high air void content (up to 10 percent by volume
in places) with average shear and tensile strengths of 0.2 kbars and 0.7
bars, respectively. Cores tested below this region exhibited higher com-
pressive and tensile strengths (0.5 kbars and 13.5 bars average) and air
voids under 2 percent with two exceptions. Material property variations,
as just described, have been encountered in other vertical drill hole sam-

ples and are, for the most part, attributed to changes in lithology.

Ul2e.18 DNRE#1 Drill Hole (Post-Dining Car)

The Ul2e.18 DNRE#1 drill hole is a re-entry hole into the Dining Car
area. Physical properties, uniaxial strain measured permanent compaction
and ultrasonic longitudinal and shear wave velocities are listed in Table

2. Uniaxial strain test curves are shown in Appendix A.

TABLE 2

Physical Properties, Uniaxial Strain Measured Permanent Compaction, and
; Ultrasonic Longitudinal and Shear Wave Velocities of
; Ul2e.18 DNRE#1 Tuff

DRILL HOLE DENSITY (gm/cc) WATER POROSITY [SATURATION CALC. MEAS. VELOCITY
FOOTAGE BY WET (%) %) AR |PERMANENT (km/sec)
AS- WEIGHT VvOIDS COMP.
RECEIVED | DRY GRAIN %) (%) (%) LONG SHEAR
Ul2e.18
DNRE#1
40 1.97 1.64 2.52 16.7 34.9 94.3 2.0 1.0 2.72 1.29
69 1.80 1.40 2.49 22+d 44.0 92.1 349 2.4 2.24 1.13
81 1.87 1.49 2.44 20.1 38.9 96.7 1:3 0.8 2.38 1.19
101 1.89 1.53 2.51 19.2 39.2 92.7 2.9 1.1 2.67 1.41
122 1.89 1.52 2.50 19.6 39.3 94.2 2.3 1.0 2.11 1.43
146 1.79 1.40 2.47 22.0 43.5 90.6 4.1 2.7 1.70 --
169 3,77 1.33 2.47 24.6 46.0 94.7 2.4 1.2 .- -
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Some changes were apparent from the properties established pre Dining

Car. The stress-stress response during uniaxial strain loadings are
"shallow" (shear strength is considerably lower than normal at confining
pressures under 4 kbars) much 1ike the second cycle curves of the two-
cycle uniaxial strain tests conducted on Diablo Hawk tuffs.3 Also noted
are considerable decreases in the ultrasonic velocities from preshot to
postshot ~ 2.7 -2.8 km/sec to ~ 2.3 km/sec. These changes and others

will be discussed in more detail in the section on "Preshot-Postshot

Comparisons".

Ul12e.20 Drill Holes (Post-Dining Car)

Ul2e.20 drill holes are all located in the horizontal plane surround-

ing the working point. Short drill holes were emplaced perpendicular to

the main and auxiliary tunnels and long oblique holes were cored farther
out into the surrounding media. Relative locations of the drill holes
with respect to the tunnel layout are shown in Figure 1.

Physical properties, uniaxial strain measured permanent compaction
and ultrasonic wave velocities are listed in Tables 3 and 4. Uniaxial
strain test curves are contained in Appendix A. As explained for the
Ul2e.18 DNRE#1 core samples, the effects of Dining Car can be seen in the
shallow uniaxial strain test stress-stress curves. Measured permanent
compaction averages ~1.0 percent.

In addition to the standard uniaxial strain tests, selected cores

were hydrostatically loaded to 800 psi prior to uniaxial strain loading.
These tests will be discussed in detail in a following section on preshot
and postshot data comparison. The test results are seen in Tables 3

and 4 in the measured permanent compaction column as two numbers

133

A 7 T N PN 8 T s i ——




TABLE 3

Physical Properties, Uniaxial Strain Measured Permanent Compaction, and
Ultrasonic Longitudinal and Shear Wave Velocities of
Ul2e.20 UG#1,2,&3 Tuffs

DRILL HOLE DENSITY (gm/cc) WATER FOROSITY [SATURATION CALC MEAS VELOCITY

8Y WET o AR |PERMANENT Km/sec)
FOOTAGE (%) =)
As- WEIGHT voi0S comp
RECEIVED | DRY GRAIN ) ) ) LONG SHEAR

36 1.89 1.86 2.4

* Moisture sample
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TABLE 4

Physical Properties, Uniaxial Strain Measured Permanent Compaction, and
Ultrasonic Longitudinal and Shear Wave Velocities of
Ul2e.20 HF#1-10A Tuffs

T
DRILL HOLE DENSITY (gm/cc) WATER POROSITY [SATURATION caLc MEAS VELOCITY
8Y WET *) ) AR PERMANENT Km/sec)
FAGTAGE AS- WEIGHT vOoi0S comP r
RECEIVED | DRY GRAIN LONG SHEAR

(%) (%) (%)




(i.e. 0.8/0.2), the first number being the volume change resulting from
hydrostatic compression to 800 psi and the second number is the volume
compaction due to uniaxial strain to 4 kilobar confining pressure upon

initiation at 800 psi confining pressure.
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SECTION II
SELECT MISCELLANEOUS TESTS

Gas Flow Tests

Dry UE12e#1 vertical drill hole tuff samples were subjected to gas
flow tests to generate supportive data for the computer hydrofrac code.
The purpose of the tests was to determine if choked flow occurred at
some gas driving pressure (i.e. no increased flow with increased driving
pressure). The tests were conducted to verify an apparent choking of
flow that occurred in recent field tests.

Test samples were prepared by recoring and saw cutting the core
samples to a 1.8 inch diameter, 1.75 inch length. They were then bonded
with epoxy to the inside of an aluminum ring so as to prevent gas flow
between the ring and the sample. 0-ring sealed steel end caps were
placed over each end of the ring and the assembly was inserted into a
small load frame. Gas was supplied to one face of the sample from a
regulated nitrogen bottle (2500 psi maximum pressure) and flow was
measured downstream with a flowmeter.

Permeabilities were determined for all samples initially by measur-
ing the flow resulting from a 20 psi driving pressure. Approximate
permeabilities for each footage are shown in Figure 3. The high pressure
gas flow tests were conducted only on the lower permeability samples
below the 900 foot depth. These samples were tested by increasing the
driving pressure in 200 psi increments up to a maximum 2000 psi or up to

where the sample fractured. Results are shown in Figure 4 as driving

nressure versus flow rate.
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Figure 3. Gas nermeability of dry UE12e#1 tuffs versus drill hole footage.
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Figure 4. Gas flow tests through select UEl2e#1 core samples--
driving pressure versus flow rate.
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The test results suggest that choked flow does not occur in this
driving pressure range. In fact, rather than showing no increase with
pressure, flow tends to increase with the square of the pressure accord-
ing to the permeability law. Also, samples fractured in all but one case
well before the 2000 psi maximum pressure was reached. It should be
noted that these tests are not truly representative of field flow tests
in that the tuff was dry and unconfined (no overburden stress). The data,
therefore, should not be used as a measure of 7n sifu permeability or

pressure required to cause hydrofracture.

Atterberg Limit Tests

Select core samples from the Hybla Gold site were subjected to
Atterberg Limit*tests to determine their respective plasticity indexes.
Cores from four separate drill holes, Ul2e.20 UG#3, HF#1, HF#2 and HF#5
were tested.

Test results are listed in Table V. A1l samples, with the excep-
tion of HF#5, had a positive plasticity index number indicating a "plastic"

classification. The HF#5 sample is classified "non-plastic" because the

sample could not be molded into a ball, the first test requirement.

*These "Atterberg Limits" are not intented to represent data produced on
soils. Special procedures for tuff require intial mechanical crushing
and pulverizing followed by reconsolidation. The "Limits" obtained are,
therefore, relative indicators of the behavior of tuff.
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TABLE 5

Atterberg Limit Tests* on Selected Ul2e.20 Core Samples

T

Sample Liquid Plastic Plasticity
Designation Limit Limit Index Classification
HF#1 - 16' 29.7 277 2.0 Plastic
HF#2 - 10' 33.8 32.7 1 e Plastic
HF#5 - 5' 29.3 -- --- Non-Plastic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>